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SUMMARY

On May 8, 1990, the National Institute for Occupational Safety and Health (NIOSH) received a
request for a Health Hazard Evaluation (HHE) from employees of the AMP Incorporated facility
in Berwyn, Pennsylvania, who alleged that some of the workers in the Sales-Service office area
of the facility's 400 Building had often complained of excessive headaches and upper respiratory
symptoms which, in many cases, resolved upon leaving work.  The requestors, who also
complained about thermal comfort and air circulation in the area, asked NIOSH to determine if
the building had indoor environmental quality (IEQ) problems which could account for the
complaints.  On February 6 and 7, 1991, NIOSH investigators conducted an IEQ survey in the
building.

A visual inspection of the building and of the heating, ventilation, and air-conditioning (HVAC)
systems serving its northern portion (where the relevant areas are located), and an evaluation of
the HVAC design specifications and features, revealed environmental tobacco smoke (ETS) in
the cafeteria (the designated "smoking" area at the time of the survey) and the possibility that
ETS-containing air may be recirculated by the systems from the cafeteria to the other areas in the
northern portion.  The HVAC-design evaluation also revealed that the existing design-specified
minimum ventilation (outside-air exchange) rates were insufficient under most operating
conditions, compared to current, recognized ventilation standards, for the occupied spaces in the
northern portion.  The actual ventilation effectiveness of the HVAC systems at the time of the
survey was found to be inadequate based on measured airborne carbon dioxide (CO2)
concentrations, which act as a secondary indicator of that parameter.  Concentrations in the
northern portion of the building rose from about 725 ppm in the morning to over 1000 ppm in
the afternoon (compared with the 1000-ppm NIOSH guideline for this parameter). 
Measurements of thermal comfort parameters there revealed that most air temperatures ranged
from 77.0°F to 81.3°F, above recommended comfort ranges.  Finally, air sampling for possible
chemical contaminants revealed traces of several organic compounds, at concentrations below
those expected to cause health complaints.

Although factors such as insufficient ventilation rates and slightly elevated
temperatures may impact upon the IEQ in this building, the findings of this evaluation
cannot substantiate these or other factors as causative in relation to the alleged
complaints and symptoms.  However, the presence of ETS in the cafeteria constitutes a
potential chronic health hazard regardless of the extent (if any) to which it contributes
to the complaints.  Recommendations include increasing ventilation rates and
establishing a separate smoking lounge.

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.   
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 
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BACKGROUND AND INTRODUCTION

On May 8, 1990, the National Institute for Occupational Safety and Health (NIOSH) received a
confidential request for a Health Hazard Evaluation (HHE) from employees of the AMP
Incorporated facility in Berwyn, Pennsylvania.  These requestors alleged that some of the
approximately 100 sales correspondents and others working in the Sales-Service office area of
the facility's 400 Building had often complained of excessive headaches, runny noses, coughing,
lost voices, and bronchial symptoms which, in many cases, resolved upon leaving work.  They
also complained of poor thermal comfort and a feeling of inadequate air circulation in the Sales-
Service office area.  These employees asked NIOSH to investigate the facility's indoor
environmental quality (IEQ) to determine if airborne contaminants and/or other problems were
present which could account for the alleged symptoms and  complaints.  An environmental
survey was conducted at the facility by NIOSH investigators on February 6 and 7, 1991.  At the
time of the survey, AMP officials asked the NIOSH investigators to include the cafeteria, which
was the only area in the building where cigarette smoking was permitted, in the evaluation.  On
January 27, 1992, an interim letter summarizing the results of this HHE was sent to the
concerned parties, both management and employee.

FACILITY DESCRIPTION

GENERAL DESCRIPTION

The Sales-Service office area and the cafeteria, along with other offices, a computer room, and a
few other ancillary rooms (e.g., restrooms, a coatroom, etc.) are located in the northern portion
of the single-story 400 Building (see Figure 1).  The remainder of the 400 Building is occupied
by a large warehouse and some additional offices.

The northern portion of the building, with over 20,000 square feet of floor space, contains
workspace for an estimated maximum of 162 employees, including 110 in the Sales-Service
office area and 50 in the other office space at the west end of this portion of the building (based
upon the number of workstations and small office areas shown in a recent building plan [see
Figure 1]).  At the time that the HHE request was made, over 100 employees reportedly worked
in the northern portion including approximately 100 in the Sales-Service area alone.  At the time
of the NIOSH survey, workloads had reportedly declined and the space was occupied by about
98 employees (at least 80 worked in the Sales-Service office area, and about 18 worked in the
other office space at the west end of this portion of the building).

Most of the northern portion of the building was built in 1979 as an addition to an existing
structure, while the remainder of it is a part of the original structure and was remodelled at the
time of the 1979 addition (see Figure 1).

DESCRIPTION OF FACILITY'S HEATING, VENTILATION, AND AIR-
CONDITIONING SYSTEMS
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Heating, ventilation, and air conditioning (HVAC) in the 400 Building is provided by several
different systems.  With the exception of the computer room, the entire northern portion of the
building is served by a ventilation and air-conditioning system which includes air-handling-
unit (AHU) AC-1 (see Figure 1).  This system provides mechanical ventilation to the areas it
serves by inducting outside air (o.a.) through o.a.-intake openings on AC-1 and supplying to
these areas, at variable rates, "supply air" (s.a.) that consists of at least 10% o.a. (according to the
system's design specifications).  The system is described in more detail in Appendix A. 
Perimeter areas and the two restrooms in this portion of the building are additionally served by
several separate heating systems, but none of these provide mechanical ventilation (o.a.
exchange).

Mechanical o.a. exchange in the northern portion of the building is also facilitated by exhaust
fans which discharge above the roof.  The two restrooms are served by a single exhaust system
which has one fan with a design-specified flowrate of 1000 ft3/min (cubic feet per minute, or
cfm).  Air from adjacent areas enters the restrooms to make up for the exhausted air, since they
are not supplied air directly from the ventilation and air-conditioning system.  At the time of the
NIOSH survey, the cafeteria (which had been designated as the "smoking area") also had an
exhaust fan to help remove cigarette smoke.  No design specifications were available for this fan,
but, judging by the appearance of the system, its exhaust-air flowrate is probably a few hundred
cubic feet per minute.  Aside from normal infiltration and exfiltration through doors, small
cracks and crevices, etc., these exhaust systems and the o.a.-intake openings on AHU AC-1 are
the only provisions for o.a. exchange in the northern portion of the building.  The windows do
not open.

The air-handling systems (ventilation and air-conditioning, as well as heating) that serve the
northern portion of the building do not serve the warehouse or the older section of offices along
the western side of the building (see Figure 1); those areas are served, respectively, by individual
oil-fired unit heaters and exhaust fans, and by completely separate air-handling systems. 
Therefore, the only air exchange between the areas is through doorways and similar openings.

EVALUATION CRITERIA

NIOSH investigators have completed over 1100 investigations of the occupational indoor
environment in a wide variety of non-industrial settings.  The majority of these investigations
have been conducted since 1979.

The symptoms and health complaints reported to NIOSH by building occupants have been
diverse and usually not suggestive of any particular medical diagnosis or readily associated with
a causative agent.  A typical spectrum of symptoms has included headaches, unusual fatigue,
varying degrees of itching or burning eyes, irritations of the skin, nasal congestion, dry or
irritated throats and other respiratory irritations.  Typically, the workplace environment has been
implicated because workers report that their symptoms lessen or resolve when they leave the
building.



HETA 90-264-2263 Page 5 of  18

A number of published studies have reported high prevalences of symptoms among occupants of
office buildings.1,2,3,4,5  Scientists investigating indoor environmental problems believe that there
are multiple factors contributing to building-related occupant complaints.6,7  Among these factors
are imprecisely defined characteristics of heating, ventilating, and air-conditioning (HVAC)
systems, cumulative effects of exposure to low concentrations of multiple chemical pollutants,
odors, elevated concentrations of particulate matter, microbiological contamination, and physical
factors such as thermal comfort, lighting, and noise.8,9,10,11,12,13  Indoor environmental pollutants
can arise from either outdoor sources or indoor sources.14

There are also reports describing results which show that occupant perceptions of the indoor
environment are more closely related than any measured indoor contaminant or condition to the
occurrence of symptoms.15,16,17  Some studies have shown relationships between psychological,
social, and organizational factors in the workplace and the occurrence of symptoms and comfort
complaints.17,18,19,20

Less often, an illness may be found to be specifically related to something in the building
environment.  Some examples of potentially building-related illnesses are allergic rhinitis,
allergic asthma, hypersensitivity pneumonitis, Legionnaires' disease, Pontiac fever, carbon
monoxide poisoning, and reaction to boiler corrosion inhibitors.  The first three conditions can
be caused by various microorganisms or other organic material.  Legionnaires' disease and
Pontiac fever are caused by Legionella bacteria.  Sources of carbon monoxide include vehicle-
engine exhaust emissions and inadequately ventilated kerosene heaters or other fuel-burning
appliances.  Exposure to boiler additives can occur if boiler steam is used for humidification or is
released by accident.

Problems NIOSH investigators have found in the non-industrial indoor environment mirror those
discussed in the preceding three paragraphs, and have included poor air quality due to ventilation
system deficiencies, overcrowding, volatile organic chemicals (from building materials and
office furnishings, machines, and other contents), tobacco smoke, microbiological
contamination, and outside air pollutants; comfort problems due to improper temperature and
relative humidity conditions, poor lighting, and unacceptable noise levels; adverse ergonomic
conditions; and job-related psychosocial stressors.  In most cases, however, these problems could
not be directly linked to the reported health effects.

Standards for exposures to chemical substances and other agents specifically for the non-
industrial indoor environment do not exist.  NIOSH, the Occupational Safety and Health
Administration (OSHA) and the American Conference of Governmental Industrial
Hygienists (ACGIH) have published regulatory standards or recommended limits for
occupational exposures.21,22,23  With few exceptions, airborne pollutant concentrations observed
in the office work environment fall well below these published occupational standards or
recommended exposure limits.  The American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE) has published recommended building ventilation design
criteria and thermal comfort guidelines.24,25  The ACGIH has also developed a manual of
guidelines for approaching investigations of building-related complaints that might be caused by
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airborne living organisms or their effluents.26

Measurement of indoor environmental contaminants has rarely proved to be helpful in
determining the cause of symptoms and complaints except where there are strong or unusual
sources, or a proved relationship between a contaminant and a building-related illness.  The
usual low-level concentrations of particles and variable mixtures of organic materials found are
troublesome to interpret.  However, measuring ventilation and thermal-comfort parameters is
often useful in the early stages of an investigation in providing information relative to the proper
functioning and control of HVAC systems.  The bases for the specific measurements made in
this investigation are described in the following subsections.

VENTILATION RATES

ASHRAE™ Standard 62–1989, "Ventilation for Acceptable Indoor Air Quality," generally
specifies a minimum outside-air (o.a.) intake rate of 20 cfm per person for office spaces.24 
However, when more than one space is served by a common air-supply system, using this
criterion to directly determine the entire system's o.a.-intake rate may not be correct; the ratio of
o.a. to supply air (s.a.) required to satisfy the ventilation and thermal control requirements
usually differs from space to space, and, if this is the case, the system's o.a.-intake rate must be
determined from the procedure specified in the ASHRAE standard's Section 6.1.3.1, "Multiple
Spaces."  Additionally, Section 5.4 of this standard specifies that provisions must be made to
maintain acceptable indoor air quality in each occupied space served when s.a. flowrates are
reduced (during times the spaces are occupied) by the normal operation of certain types of
systems, such as "variable-air-volume" (VAV) systems (these have variable s.a. flowrates, to
individual spaces served and for the system overall).  The most certain way to assure this is to
employ the minimum s.a. flowrate to each space when determining o.a. requirements with the
"Multiple Spaces" procedure.  The ASHRAE standard also specifies o.a. requirements for other
types of individual spaces, besides offices, found in this facility.  For cafeterias, 20 cfm per
person is recommended.

For spaces such as smoking lounges and restrooms, where more air contaminants may be
generated than in spaces such as offices, the ASHRAE ventilation standard does specify
ventilation rates, including 60 cfm/person for smoking lounges, but it also designates a different
method for delivering the specified rates.  This method calls for mechanically exhausting the
comparatively contaminated air directly outside at the specified rate, and allowing comparatively
uncontaminated air from nearby areas to flow into the space to make up for the exhausted air. 
Recirculation of contaminated air from smoking lounges, restrooms, and similar spaces back to
common air-supply systems is not recommended.  Since this method does not necessarily require
the air entering such spaces to be composed partially of fresh o.a., the recommended ventilation
rates for these spaces do not directly affect the determination (with the "Multiple Spaces"
procedure) of o.a. requirements for common air-supply systems.  However, the total o.a.-intake
rate to an office building or a wing of offices should be somewhat greater than the total rate at
which exhausted air is removed (by all exhaust systems combined) so that a slight "positive
static pressure" is maintained in the office building, compared to the surroundings.  This induces
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air to flow outward to, rather than inward from, the surroundings through available openings
such as gaps around doors and in construction materials.

Carbon dioxide (CO2) is a normal constituent of exhaled breath; measurement of CO2
concentrations can be used as a screening technique to evaluate whether fresh air is being
introduced into an occupied space at an adequate rate.  Indoor-air CO2 concentrations are
normally higher than the generally constant ambient-air CO2 concentration, which usually ranges
from 300 to 350 parts per million (ppm).  When indoor CO2 concentrations exceed 1000 ppm in
areas where the only known source is exhaled breath, inadequate ventilation is suspected.24 
Elevated CO2 concentrations suggest that other indoor contaminants may also be increased.

TEMPERATURE AND RELATIVE HUMIDITY

The perception of comfort is related to one's metabolic heat production, the transfer of heat to the
environment, physiological adjustments, and body temperatures.  Heat transfer from the body to
the environment is influenced by factors such as temperature, humidity, air movement, personal
activities, and clothing.  ANSI/ASHRAE Standard 55–1981 (see Figure 2) specifies conditions
in which 80% or more of the occupants would be expected to find the environment thermally
comfortable.25  ASHRAE further recommends maintaining relative humidities between 30%
and 60% "to minimize the growth of allergenic or pathogenic organisms."24

EVALUATION METHODS

The environmental survey included an inspection of the northern portion of the 400 Building and
the HVAC systems serving this area, discussions with both AMP Incorporated and contract
maintenance personnel about these items, and an evaluation of the HVAC systems' design
features and specifications.  The effectiveness of the ventilation in the northern portion of the
building, as indicated by airborne CO2 concentrations, was also evaluated.  Air temperatures and
relative humidities were measured to assess thermal comfort.  The survey also included air
sampling for possible chemical contaminants.

EVALUATION OF HVAC SYSTEMS

The design features and specifications of the HVAC systems serving the northern portion of the
400 Building were evaluated to determine if the design provides for adequate ventilation (o.a.-
exchange) rates for the occupied spaces in this portion of the building, compared to the
ASHRAE ventilation standard.  This evaluation was performed by reviewing the HVAC plans
for the building, and holding discussions with both AMP Incorporated and contract maintenance
personnel about the operation of the systems and modifications that have been made to them.

As a secondary indicator of actual ventilation effectiveness at the time of the NIOSH survey,
airborne CO2 concentrations were measured, using an electronic, direct-reading GasTech
RI411A CO2 Meter with infrared detection.  Simultaneous measurements were also made
occasionally with the Dräger detector-tube system (specifically, a hand-held bellows pump and
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colorimetric, length-of-stain 0.01%/a CO2 detector tubes were used).

Air temperatures and relative humidities were measured using an Environmental Tectonics
Corporation Psychro-Dyne automatic psychrometer with two mercury-containing glass
thermometers (one wet and one dry bulb).

The CO2 concentrations, temperatures, and relative humidities were measured several times
during the workday in four locations:  (1) the Sales-Service office area, upon which the
requestors' complaints were focussed; (2) the cafeteria, which served as the "smoking" area at
the time of the survey; (3) the warehouse, considered an "indoor background" location since
complaints were not focussed on this area; and, (4) an "outdoor background" location on the roof
near the outside-air intake opening of AHU AC–1.  Background measurements are needed when
evaluating these parameters, because comparisons between the levels in the areas being
investigated and the ambient background levels are important.

AIR SAMPLING FOR CHEMICAL CONTAMINANTS

A total of 12 general-area air samples were collected and analyzed for general volatile organic
compounds (VOCs) and aldehydes using several methods, the details of which are provided in
Appendix B.  Each sample was collected by using a battery-powered "low-flow" air-sampling
pump to draw air, at a measured rate and for a measured period of time, through a collection
medium appropriate for the specific method.  Sampling durations were approximately
8 hours (hr), with sample collection during the workday on February 7, 1991.

Each sample was collected in one of the four locations mentioned previously (where CO2
concentrations, temperatures, and relative humidities were measured), including the
"background" locations (background measurements are also important when evaluating
potentially "trace" concentrations of contaminants).

OBSERVATIONS AND FINDINGS

The visual inspection of the condition of the HVAC systems revealed no apparent problems or
hazards.  The interiors of the AHUs that were inspected were found to be acceptably clean and
dry.

VENTILATION RATES

The results of the evaluation of the design features and specifications of the HVAC
systems (including modifications that reportedly have been made to them) serving the northern
portion of the 400 Building suggest that the minimum ventilation rates provided by these
systems is insufficient under most operating conditions, compared with the criteria
recommended in the ASHRAE ventilation standard (ASHRAE™ Standard 62–1989).  The
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design-specified minimum intake rate of o.a. by the ventilation and air-conditioning system
which includes AHU AC-1 is insufficient, under most operating conditions, for the occupancy
level of the northern portion of the building at the time of the NIOSH survey (about
98 employees).  Further, for the estimated 162-employee maximum workforce of this area, the
minimum intake rate of o.a. by this system is even more deficient (and is deficient under all
operating conditions).  Adequate ventilation rates are not assured by the estimated exhaust
airflow rates of the exhaust systems in this portion of the building, either.

Requirements for o.a. intake were determined under a variety of conditions for the ventilation
and air-conditioning system which includes AHU AC-1, and some examples are described in this
and the next paragraph which illustrate the finding of insufficient ventilation rates.  The
examples in this paragraph are based on the occupancy levels that existed at the time of the
NIOSH survey.  In this case, an effective o.a. delivery rate of 1600 cfm is needed for the Sales-
Service office area.  However, if all VAV terminals were to modulate to their design-specified
minimum s.a. flowrates, the total s.a. provided to the Sales-Service office area would be only
1195 cfm.  Thus, at minimum s.a. flow, not even s.a. consisting of 100% o.a. is adequate. 
Certainly, the modulation of the VAV terminals to their minimum s.a. flowrates is not likely to
occur much of the time, if at all.  However, if all VAV terminals were to modulate to 50% of
their design-specified maximum s.a. flowrates, the "Multiple Spaces" procedure specified in the
ASHRAE standard indicates that the proportion of o.a. needed in the system s.a. is 22.0%, so
under these more-likely conditions the design-specified minimum proportion of 10% would be
inadequate.  In fact, only if all VAV terminals modulate to their design-specified maximum s.a.
flowrates would the design-specified minimum proportion of 10% be adequate, since the
"Multiple Spaces" procedure indicates that the proportion of o.a. needed in the system s.a. is
10.5% under these conditions.

As one would expect, the design-specified minimum intake of o.a. by the system is even more
deficient at the estimated maximum employment levels, as the remaining examples illustrate.  At
these occupancy levels, an effective o.a. delivery rate of 2200 cfm is needed for the Sales-
Service office area.  Therefore, as before, even supplying air consisting of 100% o.a. is
inadequate if all VAV terminals were to modulate to their design-specified minimum s.a.
flowrates, providing a total of only 1195 cfm to the Sales-Service office area.  If all VAV
terminals were to modulate to 50% of their design-specified maximum s.a. flowrates, the
"Multiple Spaces" procedure indicates that the proportion of o.a. needed in the system s.a. is
35.5%, and even if all VAV terminals modulate to their design-specified maximum s.a.
flowrates, the proportion of o.a. needed in the system s.a. is 17.2%.  Therefore, under all
conditions the design-specified minimum proportion of 10% would be inadequate.

The cafeteria was not considered (in the any of the preceding examples) when using the
"Multiple Spaces" procedure to determine o.a.-intake requirements for the ventilation and air-
conditioning system because of this space's use as a smoking lounge, for which the ventilation
needs may be satisfied by "transfer air" drawn from adjacent spaces to make up for air
mechanically exhausted directly outside.  Also, the entire Sales-Service office area including the
small partitioned areas were considered to be one space when using the "Multiple Spaces"
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procedure, due to the configuration of the s.a. and r.a. diffusers.  This was also the case for the
"other" offices at the west end of the system's service area.  Spaces such as the coatroom and
lobby were assumed to have an occupancy of 0 or 1 person each, and therefore had little effect
on the "Multiple Spaces" determinations.

Possibly, the combined estimated exhaust-air flowrates for the northern portion of the
building may exceed under some conditions the design-specified o.a.-intake rate of the
ventilation and air-conditioning system serving the area, causing the infiltration of additional air
to make up for that exhausted and putting the area under "negative pressure" compared to the
outdoors.  For example, if all VAV terminals were to modulate to 50% of their design-specified
maximum s.a. flowrates, the design-specified minimum o.a.-intake rate for the system (10% of
the calculated system s.a. flowrate) would be 978 cfm.  This is less than the estimated combined
exhaust rate of about 1500 cfm for the two exhaust systems in the area.  However, this would not
necessarily improve the overall ventilation rates so as to overcome the deficiencies described
above.  Even if air entering at this rate was properly distributed by the ventilation system, total
o.a. needs (based on the "Multiple Spaces" procedure) under these conditions, at the occupancy
levels that existed at the time of the NIOSH survey, would be 2150 cfm (22.0% of the calculated
system s.a. flowrate) which exceeds the total exhaust flowrate.  Furthermore, air entering by
infiltration will not likely be distributed properly.  Additionally, infiltration and "negative
pressure" conditions are undesirable in office structures for other reasons as well.

Measured airborne concentrations of CO2 during the NIOSH visit averaged around 400 ppm
outdoors, whereas levels in the northern portion of the 400 Building, measured in both the Sales-
Service office area and the cafeteria, rose from about 725 ppm in the morning to over 1000 ppm
as the day progressed (see Table 1).  The latter level is considered slightly elevated, and
inadequate o.a. exchange may be indicated.

Considering the ambient environmental conditions during the NIOSH visit (see Table 1), the
"economizer" control would be expected to open the variable-position o.a.-intake dampers to
increase the proportion of o.a. in the s.a. well above the design-specified minimum of 10%. 
Example calculations (similar to those discussed previously) suggest that the proportion of o.a.
needed at that time was only about 20%.  Therefore, the slightly elevated and rising CO2 levels
measured were unexpected.  These findings suggest a malfunction in the "economizer" control,
or perhaps some other system performance problem.  The variable-position o.a.-intake dampers
were observed to be slightly open, but this observation does not necessarily mean that the
proportion of o.a. in the s.a. reached 20% or that the economizer control was operating properly.

TEMPERATURE AND RELATIVE HUMIDITY

All measured indoor relative humidities were within recommended ranges except for one
measured level (64%) in the Sales-Service office area (see Table 1).  However, most of the air
temperatures measured in the areas served by the ventilating and air-conditioning system which
includes AHU AC–1 (the Sales-Service office area and the cafeteria) were above the
recommended range (see Table 1).  It is uncertain why this was the case, but a malfunctioning
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"economizer" control could be responsible.  The system controls reportedly deactivate the
refrigeration-system compressors whenever the o.a. temperature is below 55°F, as it was at the
time of the survey, and the system then relies exclusively on the induction of sufficient o.a. for
cooling.  If the "economizer" control malfunctions, insufficient o.a. induction to provide needed
cooling may occur.  Other possible reasons for temperatures above the recommended range
include the following:  the thermostats on the VAV terminals near the measurement locations
may have been improperly set; the VAV terminals near the measurement locations may have
been malfunctioning or out of adjustment; AC–1 may not have sufficient cooling capacity or its
refrigerant or control system may have been otherwise malfunctioning; and, this system may
provide poor or inappropriate supply-air distribution.  It is unclear whether chronically high
temperatures are a factor in the IEQ complaints at this facility.

AIRBORNE CHEMICAL CONTAMINANTS

The results of the general-area air samples for volatile organic compounds and aldehydes do not
indicate the presence of any unusual chemical compounds in the air of the facility.  As is typical
for indoor environments, traces of a number of compounds were detected qualitatively. 
Specifically, acetaldehyde, formaldehyde, ethanol, isopropanol, heptane isomers,
1,1,1–trichloroethane, trichloroethylene, tetrachloroethylene, toluene, xylene isomers, a siloxane
compound, and a mixture of branched aliphatic hydrocarbons (primarily C10 to C12) were
identified in the air of the Sales-Service office area and the cafeteria.  The specific composition
of the branched aliphatic-hydrocarbon mixture detected was determined to be very similar to
certain photocopier toner solutions.

Quantitative analyses were performed for acetaldehyde, formaldehyde, 1,1,1–trichloroethane,
trichloroethylene, toluene, and the branched aliphatic-hydrocarbon mixture; the results are
presented in Table 2.  None of the concentrations of these compounds found in the air of the
facility at the time of the NIOSH survey were unusual for an indoor environment and, as is
typically the case, they were below all industrial evaluation criteria.  There are no specific
criteria for non-industrial settings.

The estimated airborne concentrations of aldehydes (acetaldehyde and formaldehyde) in the
cafeteria, which served as the "smoking" area at the time of the survey, were higher than those
estimated in the other sampling locations.  Aldehydes are constituents of tobacco smoke.  Even
though employee exposures to these two aldehydes during the NIOSH visit were below all
industrial evaluation criteria, environmental tobacco smoke (ETS), which can cause upper
respiratory irritation and other complaints (depending upon exposure levels and individual
sensitivities), was observed to be present in the cafeteria (and possibly could be recirculated to
other areas; see Appendix A).  NIOSH has determined that ETS may be related to an increased
risk of serious chronic health effects -- lung cancer and possibly heart disease -- in
occupationally exposed workers who do not smoke themselves,27 and no safe levels have been
established for cancer-causing substances.
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CONCLUSIONS

Several factors which may impact upon the IEQ in this building have been identified in the
previous section and are addressed with recommendations below, but the findings of this
evaluation cannot confirm any of these factors as causative in relation to the employees'
complaints and reported symptoms.  Nevertheless, the presence of ETS in the cafeteria, and the
possibility of its recirculation to other areas, constitutes a potential chronic health hazard
regardless of the extent (if any) to which it contributes to the reported complaints.

RECOMMENDATIONS

1. A separate "smoking lounge" is preferred over the use of the cafeteria as a "smoking" area. 
In accordance with the ASHRAE ventilation standard, ventilation should be provided to
the smoking lounge by mechanically exhausting the comparatively contaminated air
directly outside (at a rate of 60 cfm/person, as mentioned previously), and allowing
comparatively uncontaminated air from nearby areas to flow into the space to make up for
the exhausted air.  Recirculation of the contaminated air, from the smoking lounge back to
the ventilation and air-conditioning system serving the northern portion of the
400 Building (or any other common air-supply system), is not recommended.  If
conditioned air is supplied to the smoking lounge by the system, the supply rate to the
room must be less than the exhaust rate from it so that "negative static pressure" is
maintained in the room compared to surrounding areas.  As long as the cafeteria is a
"smoking" area, its ventilation should also meet the above requirements.

2. An increase in the minimum proportion of o.a. in the s.a. of the ventilation and air-
conditioning system which serves the northern portion of the 400 Building is needed to
enable this system to consistently provide ventilation to all spaces served at the rates
recommended in the ASHRAE ventilation standard.  A mechanical firm with engineering
capability should be retained to recommend appropriate design and equipment
modifications for the HVAC system.  This firm should give particular attention to the
portion of the ASHRAE standard regarding VAV systems and the provision of acceptable
indoor air quality when airflows are reduced by the normal operation of such systems. 
The mechanical firm also should utilize the "Multiple Spaces" determinations when
formulating its recommended system modifications, and this procedure may need to be
repeated with the cafeteria included to account for the establishment of a separate smoking
room and the consequent discontinuation of the cafeteria's use for this purpose.

The occupancy levels that existed at the time of the NIOSH survey were reportedly below
the capacity of the building.  Reasonable projections for future usage of each area,
including occupancy levels, should be developed for use by the contractor in formulating
its recommended system modifications.  Also, the contractor should assure that the
system's o.a.-intake rate, under all operating conditions, exceeds the combined total
exhaust-air flowrate of all exhaust systems in the area served (i.e., the exhaust systems for
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the cafeteria and/or smoking room, and the restrooms) so that the building is maintained
under slight "positive pressure" compared to the outdoor environment.

3. The mechanical contractor should check, in particular, the performance of the
"economizer" control on AC-1 (the AHU of the ventilation and air-conditioning system
which serves the northern portion of the 400 Building), since the elevation of air
temperatures and CO2 concentrations were both consistent with an "economizer"
malfunction.  Since the problems noted also could be symptoms of numerous other
conditions, the contractor should also check system performance, after any recommended
modifications to the design and/or equipment are complete, to assure compliance with both
cooling and airflow design specifications.

4. The mechanical contractor should determine the current efficiency of the air filters in all
AHUs, and recommend whether the filters should be upgraded to higher-efficiency
types (which must be compatible with the existing hardware so that airflow rates are not
adversely affected).  ASHRAE recommends that filter efficiency (not "arrestance") be at
least 35 to 60%, and 85% is often specified in modern buildings.  The filter supplier's
and/or manufacturer's recommendation for frequency of filter changes should be strictly
followed.  Improvements in filter efficiencies not only help provide cleaner air to occupied
spaces, they help vital parts of AHUs, particularly cooling coils, stay cleaner.

REFERENCES

1. Kreiss KK, Hodgson MJ [1984].  Building associated epidemics.  In:  Walsh PJ,
Dudney CS, Copenhaver ED, eds.  Indoor air quality.  Boca Raton, FL: 
CRC Press, pp. 87–108.

2. Gammage RR, Kaye SV, eds. [1985].  Indoor air and human health:  Proceedings
of the Seventh Life Sciences Symposium.  Chelsea, MI:  Lewis Publishers, Inc.

3. Woods JE, Drewry GM, Morey PR [1987].  Office worker perceptions of indoor
air quality effects on discomfort and performance.  In:  Seifert B, Esdorn H,
Fischer M, et al., eds.  Indoor air '87, Proceedings of the 4th International
Conference on Indoor Air Quality and Climate.  Berlin Institute for Water, Soil
and Air Hygiene.

4. Skov P, Valbjorn O [1987].  Danish indoor climate study group.  The "sick"
building syndrome in the office environment:  The Danish town hall study. 
Environ Int 13:399-349.

5. Burge S, Hedge A, Wilson S, Bass JH, Robertson A [1987].  Sick building
syndrome:  A study of 4373 office workers.  Ann Occup Hyg 31:493-504.



HETA 90-264-2263 Page 14 of  18

6. Kreiss K [1989].  The epidemiology of building-related complaints and illness. 
Occupational Medicine:  State of the Art Reviews 4(4):575–592.

7. Norbäck D, Michel I, Widstrom J [1990].  Indoor air quality and personal factors
related to the sick building syndrome.  Scan J Work Environ Health 16:121–128.

8. Morey PR, Shattuck DE [1989].  Role of ventilation in the causation of building-
associated illnesses.  Occupational Medicine:  State of the Art
Reviews 4(4):625–642.

9. Mendell MJ, Smith AH [1990].  Consistent pattern of elevated symptoms in air-
conditioned office buildings:  A reanalysis of epidemiologic studies.  Am J Public
Health 80(10):1193–1199.

10. Molhave L, Bachn B, Pedersen OF [1986].  Human reactions to low
concentrations of volatile organic compounds.  Environ Int 12:167–176.

11. Fanger PO [1989].  The new comfort equation for indoor air quality. 
ASHRAE J 31(10):33–38.

12. Burge HA [1989].  Indoor air and infectious disease.  Occupational Medicine: 
State of the Art Reviews 4(4):713–722.

13. Robertson AS, McInnes M, Glass D, Dalton G, Burge PS [1989].  Building
sickness, are symptoms related to the office lighting?  Ann Occup
Hyg 33(1):47–59.

14. Levin H [1989].  Building materials and indoor air quality.    Occupational
Medicine:  State of the Art Reviews 4(4):667–694.

15. Wallace LA, Nelson CJ, Dunteman G [1991].  Workplace characteristics
associated with health and comfort concerns in three office buildings in
Washington, D.C.  In:  Geshwiler M, Montgomery L, and Moran M, eds.  Healthy
buildings.  Proceedings of the ASHRAE/ICBRSD conference IAQ '91.  Atlanta,
Ga.:  The American Society of Heating, Refrigerating, and Air-Conditioning
Engineers, Inc.

16. Haghighat F, Donnini G, D'Addario R [1992].  Relationship between occupant
discomfort as perceived and as measured objectively.  Indoor Environ 1:112–118.

17. NIOSH [1991].  Hazard evaluation and technical assistance report:  Library of
Congress Madison Building, Washington, D.C.  Cincinnati, OH:  U.S.
Department of Health and Human Services, Public Health Service, Centers for
Disease Control, National Institute for Occupational Safety and Health, NIOSH



HETA 90-264-2263 Page 15 of  18

Report No. HHE 88–364–2104 –– Vol. III.

18. Skov P, Valbjørn O, Pedersen BV [1989].  Influence of personal characteristics,
job-related factors, and psychosocial factors on the sick building syndrome. 
Scand J Work Environ Health 15:286–295.

19. Boxer PA [1990].  Indoor air quality:  A psychosocial perspective.  J Occup
Med 32(5):425–428.

20. Baker DB [1989].  Social and organizational factors in office building-associated
illness.  Occupational Medicine:  State of the Art Reviews 4(4):607–624.

21. NIOSH [1992].  NIOSH recommendations for occupational safety and health: 
Compendium of policy documents and statements.  Cincinnati, OH:  U.S.
Department of Health and Human Services, Public Health Service, Centers for
Disease Control, National Institute for Occupational Safety and Health, DHHS
(NIOSH) Publication No. 92–100.

22. Code of Federal Regulations [1989].  Air contaminants — permissible exposure
limits.  29 CFR 1910.1000.  U.S. Department of Labor, Occupational Safety and
Health Administration (OSHA).

23. ACGIH [1991].  1991–92 Threshold limit values for chemical substances and
physical agents, and biological exposure indices.  Cincinnati, OH:  American
Conference of Governmental Industrial Hygienists.

24. ASHRAE [1989].  ASHRAE™ Standard 62-1989:  Ventilation for acceptable
indoor air quality.  Atlanta, GA:  American Society of Heating, Refrigeration,
and Air-Conditioning Engineers, Inc.

25. ASHRAE [1981].  ANSI/ASHRAE Standard 55-1981:  Thermal environmental
conditions for human occupancy.  Atlanta, GA:  American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc.

26. ACGIH [1989].  Guidelines for the assessment of bioaerosols in the indoor
environment.  Cincinnati, OH:  American Conference of Governmental
Industrial Hygienists.

27. NIOSH [1991].  NIOSH current intelligence bulletin 54:  Environmental tobacco
smoke in the workplace... lung cancer and other health effects.  Cincinnati, OH: 
U.S. Department of Health and Human Services, Public Health Service, Centers
for Disease Control, National Institute for Occupational Safety and Health. 
DHHS(NIOSH) Publication No. 91–108.



HETA 90-264-2263 Page 16 of  18

AUTHORSHIP AND ACKNOWLEDGEMENTS

Report Prepared by: Leo M. Blade, C.I.H.
Industrial Hygiene Engineer
Industrial Hygiene Section
Hazard Evaluations and Technical
  Assistance Branch
Division of Surveillance, Hazard
  Evaluations, and Field Studies

Field Assistance: John Kelly
Industrial Hygienist
Industrial Hygiene Section
Hazard Evaluations and Technical
  Assistance Branch
Division of Surveillance, Hazard
  Evaluations, and Field Studies

Originating Office: Hazard Evaluations and Technical
  Assistance Branch
Division of Surveillance, Hazard
  Evaluations, and Field Studies



HETA 90-264-2263 Page 17 of  18

DISTRIBUTION AND AVAILABILITY OF REPORT

Copies of this report may be freely reproduced and are not copyrighted.  Single copies of this
report will be available for a period of 90 days from the date of this report from the NIOSH
Publications Office, 4676 Columbia Parkway, Cincinnati, Ohio 45226.  To expedite your
request, include a self-address mailing label along with your written request.  After this time,
copies may be purchased from the National Technical Information Service, 5285 Port Royal
Road, Springfield, VA 22161.  Information regarding the NTIS stock number may be
obtained from the NIOSH Publications Office at the Cincinnati address.

Copies of this report have been sent to:

1.  AMP Incorporated, Harrisburg, Pennsylvania
2.  Confidential requestor
3.  OSHA, Region III
4.  NIOSH, Cincinnati Region

For the purpose of informing affected employees, copies of this report shall be posted
by the employer in a prominent place accessible to the employees for a period of 30
calendar days.
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